Background: Transarterial chemoembolization (TACE) and sorafenib are the therapeutic standard for intermediate and advanced stage hepatocellular carcinoma (HCC) patients respectively. High costs with adverse events (AE) of sorafenib might limit sorafenib dosage, further affecting therapeutic response. To attain greatest benefit, we evaluated the efficacy of different doses and effect of TACE during and after sorafenib discontinuation in patients representing Child-Pugh Classification Class A with venous or extra-hepatic invasion.
Background
Worldwide, more than 711,000 new hepatocellular carcinoma (HCC) patients are diagnosed annually; 679,000 eventually die [1] . Various diagnostic and therapeutic modalities have been applied in clinical scenarios [2] , with over 50 % of HCC cases showing unresectable or un-embolized condition [3] . Only palliative options are available due to limitations of vascular invasion or extrahepatic metastases [3, 4] .
Sorafenib (Nexavar, Bayer HealthCare PharmaceuticalsOnyx Pharmaceuticals) inhibits proliferation and angiogenesis in tumors, promoting apoptosis [5, 6] . Anti-angiogenic function is via inhibition of VEGFR-2-PDGFR-and Raf-kinase properties [5] [6] [7] , signaling pathways identified as a close rationale in HCC study and providing survival benefits in advanced HCC [Barcelona Clinic Liver Cancer (BCLC) stage C] [7] [8] [9] [10] [11] [12] . Limitations affect patients treated with sorafenib in clinical scenarios: e.g., high cost raising economic pressure [13] , while severe adverse events (AE) (26-88 %) might limit sorafenib dosage and impair therapeutic response, as well as high tumor recurrence with single agent [8, 9, 14, 15] . Therefore, combination therapy provided lesser dose of sorafenib to obtain better response for both in vitro and in vivo models [16] . In clinical settings, transarterial chemoembolization (TACE) is the current standard therapy for intermediate stage HCC (BCLC stage B) and an earlier study indicated combination of TACE with sorafenib as being more effective than TACE or sorafenib monotherapy for unresectable HCC [17] ; but no data is reported on the exploration of the effect of different sorafenib dosage with subsequent TACE during or after discontinued sorafenib.
To attain the greatest benefit in clinical scenarios, we assessed two points in this study. First, investigating the relation of different therapeutic doses (initially 400 or 800 mg per day) with efficacy in unresectable HCC patients with compensated liver disease (Child-Pugh Classification Class A [18] ) and venous invasion or extra-hepatic metastases. Furthermore, evaluating the effect of TACE during and after sorafenib discontinuation. We envisioned this study could afford useful references for clinical settings.
Methods

Patients
According to the standard of Taiwan's National Health Insurance Agency, sorafenib was approved for HCC patients exhibiting Child-Pugh Classification Class A (score 5 or 6) with venous invasion or extra-hepatic metastases. Excluding HCC patients not up to the standard during the period of May 2009 to June 2013, 156 cases (HCC-total group) met the criteria and accepted sorafenib therapy at China Medical University Hospital, Taichung, Taiwan; and their response and survival results were recorded until May 2014. After reviewing their therapeutic dosage between May 2009 and June 2013, patients were divided into three groups: Group I for patients accepting 400 mg sorafenib twice daily; Group II for patients accepting initially 400 mg sorafenib twice daily with reduction to 400 mg once daily owing to intolerable AE; and Group III for patients accepting 400 mg sorafenib daily (Fig. 1) . Dose reduction in Group II depended on their tolerance to sorafenib inducing AE (hand-foot skin reaction, uncontrollable hypertension, or diarrhea) rated by the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) [19] . The management of AE included corticosteroid cream and painkiller pill for hand-foot skin reaction, anti-hypertension agent for hypertensive patients, as well as loperamide for diarrhea.
Evaluation of therapeutic response during sorafenib therapy
All treated patients were according to the standard of Taiwan's National Health Insurance Agency and hospital protocol. For each visit while undergoing sorafenib treatment, patients accepted detailed history and physical examination every four weeks. In addition, biochemical examination including Child-Pugh Classification score, serum AFP, renal function, and contrast-enhanced tomography (CT) were performed on those beginning sorafenib and followed up bimonthly to 4- [20] .
Procedure and effect comparisons of transarterial chemoembolization
In our hospital, TACE proceeds via the trans-femoral route, with arteries feeding tumors identified by angiography and then emulsion of lipiodol (10 mL) and adriamycin (20 mg) were injected, followed by embolization with absorbable particles (gelatin foam). After embolization, more angiography was used to assess extent of vascular occlusion and flow in other arteries. Effect of TACE was evaluated during and after discontinuation of sorafenib administration in separate groups, with follow-up time of either patient death or at least six months after sorafenib discontinuation due to poor therapeutic response. Patients treated with TACE were according to the standard of BCLC System and our hospital for intra-hepatic tumor.
Serological markers and liver biochemical assay methodology
Commercial enzyme immunoassay rated HBV markers (HBsAg, HBeAg, anti-HBe) (AxSYM, Abbott, North Chicago, IL) and anti-HCV antibody (Abbott HCV EIA 2.0; Abbott Laboratories). An autoanalyzer (TBA-30FR, Toshiba, Tokyo, Japan) gauged serum albumin, bilirubin, alpha-fetoprotein (AFP), aspartate transaminase (AST), alanine Transaminase (ALT), alkaline phosphatase (Alk-p), creatinine (Cr), International Normalize Ratio (INR), and hematological count (WBC: white blood cell; Hb, hemoglobin; platelet).
Statistical analysis
All statistical analyses were performed using SPSS 17.0 (SPSS, Chicago, USA). Baseline data were expressed as mean ± standard deviation, with correlation between continuous variables assessed by Student t-test or Fisher exact test. In univariate survival analysis, the median survival times were calculated according to the Kaplan-Meier method. All variables significant in univariate analysis were entered into the multivariate model according to Cox proportional hazard regression. All statistical tests were two-tailed, P-value ≤ 0.05 defined as significant.
Results
General distribution of overall and separate hepatocellular carcinoma groups Table 1 shows baseline characteristics of 156 HCC cases. Median durations of sorafenib treatment and patients' survival were 4.00 ± 0.45 months (95 % CI 3.13-4.87 months) and 7.50 ± 1.44 months (95 % CI 4.67-10.33 months) respectively. There were 57 patients without and 99 with AE: e.g., hand-foot skin reaction (n = 53 cases; 45 in grade 1 and 2; 8 in grade 3), diarrhea (n = 24 cases; 19 in grade 1 and 2; 5 in grade 3), hypertension (n = 5 cases; 4 in grade 1 and 2; 1 in grade 3), combination of hand-foot skin reaction and diarrhea (n = 17; 14 in grade 1 and 2; 3 in grade 3). No grade 4 or mortality case was induced from AE. According to therapeutic dosage, 52 cases belonged to Group I, 56 cases belonged to Group II, and 46 cases belonged to Group III (Fig. 1) . No significant difference between the three groups besides lower albumin (3.68 ± 0.51 versus 4.05 ± 0.42 g/dL, p < 0.001) with advanced age (64.50 ± 12.02 versus 58.75 ± 13.33 years, p = 0.028) in Group III than Group I. In separate groups, median durations of sorafenib treatment and survival were 2.50 ± 0.90 months (95 % CI 0.73-4.27 months) and 5.00 ± 1.10 months (95 % CI 2.85-7.16 months) in Group I; 5.50 ± 1.27 months (95 % CI 3.01-7.99 months) and 16.50 ± 1.86 months (95 % CI 12.86-20.14 months) in Group II; 4.00 ± 0.94 months (95 % CI 2.16-5.84 months) and 6.50 ± 2.49 months (95 % CI 1.63-11.37 months) in Group III respectively.
Survival analysis in overall and separate groups
In total cases, the significant factors including Child-Pugh (Table 2) . Among separate groups, absent AE (p = 0.008), lower Positive correlation between better sorafenib response and higher survival
There was a positive correlation between sorafenib duration and survival time (r = 0.756, p < 0.001). Group II showed the best sorafenib response and overall survival among the three groups (p = 0.010 and p = 0.011 respectively) (Fig. 2) . Abbreviations: CPC child-pugh classification, INR international normalize ratio, AST aspartate transaminase, ALT alanine transaminase, Alk-p alkaline phosphatase, GGT gamma-glutamyltransferase, AFP alpha-fetoprotein, Cr creatinine, WBC white blood cell, Hb hemoglobin, B hepatitis B virus, C hepatitis C virus, B + C hepatitis B and C virus, NBNC non-hepatitis B or C virus
TACE increases survival during and after sorafenib discontinuation
Over the study period, presence or absence of TACE presented significant difference (p = 0.031) and significantly correlated with patient mortality (Hazard Ratio = 3.197, p = 0.008) ( 
Discussion
Sorafenib inhibits proliferation and angiogenesis while promoting apoptosis of tumors [5, 6] , and is proven to prolong survival in advanced HCC cases [8, 9] . As in earlier studies [8, 9, [21] [22] [23] , the clinical factors including superior liver preservation (score 5), lower AFP, or less aggressive tumor condition remained as the crucial roles to reflect patient results in our study (Table 2) . Therefore, highly selected patients should be emphasized in initial sorafenib therapy.
Nevertheless, problems remain in clinical practice, including high sorafenib costs that raise economic pressure [13] , as well as severe AE rate from 26 to 88 % that might limit sorafenib dosage and further affect therapeutic response [8, 9, 14, 15] . To attain greatest benefit, we analyzed the relationship of different sorafenib doses with efficacy. As in previous studies [8, 9] , the presence of AE also played an important role predicting therapeutic response. Importantly, patients could tolerate longer duration (>1 cycles) of obtained therapeutic benefit from sorafenib (Table 2) . Furthermore, we found despite Groups II and III presenting poorer baseline characteristics than I including lower albumin (3.68 ± 0.51 g/dL versus 4.05 ± 0.42 g/dL, p < 0.001 respectively) and older age (64.5 ± 12.02 versus 58.75 ± 13.33 years, p = 0.028 respectively) (Table 1) , Groups II and III rather than I still showed better sorafenib response and survival benefit (p = 0.010 and p = 0.011 respectively) (Fig. 2) as our finding of poorer sorafenib response significantly correlated with higher mortality (r = 0.756, p < 0.001). This revealed sorafenib, even at lower dosages, could also provide therapeutic benefit; particularly for patients tolerating longer sorafenib duration [24] . Accordingly, this could alleviate economic pressure with tolerable dose for HCC therapy as well as wastage of medical resources.
In clinic, combination of TACE with sorafenib has proven more effective than TACE or sorafenib monotherapy for unresectable HCC [17] , but no data has reported on the exploration of the effect of different sorafenib dose with subsequent TACE during or after discontinued sorafenib owing to poor response. In this study, we observed combined TACE promoted patient's survival during the period with sorafenib, which concurred with a previous finding: the sorafenib/TACE combination shows promise as an effective and tolerable treatment strategy for unresectable patients with intermediate stage/advanced HCC [17] . The benefit of TACE also appeared in patients after discontinued sorafenib, particularly in Group II where lower mortality in TACE cases existed after discontinuation than for those during sorafenib administration (Tables 2 and 3 ). This possibility could be attributed to AE induced by sorafenib, regarded as an indicator of better therapeutic response presenting enough anti-tumor concentrations [25, 26] . Therefore, TACE showed lower benefit during the period with sorafenib than that without sorafenib. Once tumor inhibition with sorafenib significantly decreased due to poor response and probably induced tumor re-growth, the effect of TACE became obvious. Group III rather than I or II presented insignificant benefit from TACE after discontinued sorafenib, the limited case number probably contributed to the result, and further larger studies need to be adopted in the future.
Although median overall survival in our study (7.50 ± 1.44 months) was shorter than SHARP (10.7 months) [8] , better than Asian-Pacific studies (6.5 months) [9] and probably exceeded the SHARP study: 21 patients (4 in Group I, 12 in Group II, 5 in Group III) still accepted sorafenib and 42 cases (10 in Group I, 22 in Group II, 10 in Group III) had survived at end of follow-up time. Additionally, we correlated body mass index (kgs/m 2 ) with average sorafenib dose [mg/(kgs/m
2 )] and patient's survival, with no significant differences in HCC total cases or separate groups (Table 2 ). Even after excluding TACE cases from the period with sorafenib, higher average dosage also could not promote therapeutic response Abbreviations: Group I always accepted 800 mg/day; Group II initially accepted 800 mg/day tapering to 400 mg/day owing to adverse events; Group III always accepted 400 mg/day. TACE transarterial chemoembolization *A P-value below 0.05 is considered statistically significant
